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INTRODUCTION 
Three-dimensional reconstructions (3DR) of the heart and great vessels are conventionally 
formed by scanning a single two-dimensional (2-D) plane, and then combining the data in this 
scan with data obtained from other scan planes taken at different levels. Missing data between 
planes are filled in by interpolation. Applications of such 3DR's from ultrasonic, radionuclide and 
magnetic resonance images have yielded promising results (1). 3DR's of the left ventricle have 
been obtained from cardiac ultrasonic and ultrafast computed tomographic images in our 
laboratory (2,3). We have also utilized the reconstructed geometries for analysis of mechanical 
defonnation of the ventricular chamber and quantitative assessment of wall motion abnonnalities 
in diseased states (4). 
Ultrafast computed tomography, magnetic resonance imaging and positron emission 
tomography are expensive, time and labor intensive, often require injection of contrast agents and 
cannot be obtained rapidly to allow image acquisition and evaluation throughout interventions 
such as exercise. On the other hand, ultrasound imaging is completely non-invasive, portable, and 
allows rapid data acquisition. With the advent of sophisticated computer workstations, it is now 
technologically possible to perform on-line reconstruction of the 3D geometry of the cardiac 
chambers from cross-sectional ultrasound images. 
Although traditional 3D echocardiography of the heart is an excellent technique for 
structural definition, there are drawbacks. Since the heart is moving during this procedure, the 
data collection is usually gated to the respiratory and cardiac cycles. These limitations result in 
extraordinarily long data collection and study times. In addition, quantitative assessment of 
cardiac function based on the 3D reconstructions require that the contours of the heart be traced. 
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Due to large amounts of interpolation and operator-to-operator variability in performing the 
tracings the 3D reconstructions are often inaccurate. 
Approximately 5 years ago a new type of three dimensional reconstruction technique was 
generated for cardiac ultrasound. In this technique a mechanical ultrasound transducer was used 
either through the esophageal approach or across the chest wall. Using a mechanical transducer 
with images obtained at equally spaced intervals of 10 to 100 of rotation along a mechanically fixed 
axis cardiac images are obtained. This technique uses respiratory and ECG gating to obtain the 
images. Missing data are filled in using a gray scale algorithm and data is smoothed. Data is 
represented in a as pseudo 3D fonnat allowing slicing of the cardiac structures at any angle. 
Figures 1 to 3 identify images obtained using these 3D volumetric data sets (5-8). 
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Figure 1: This figure iIIustrates a four 
chamber view of the left ventricle with a 
median section demonstrating the atrial and 
ventricular posterior walls. 
Figure 2: This is an example of the left 
ventricular outflow tract in systole (left) and 
diastole (right). Both the mitral and aortic 
leaflets are shown. Black spots within the 3D 
reconstruction are primarily due to image data 
dropout during data acquistion. Notice the 
excellent structural definition of the aortic 
Figure 3: This is an example ofan aortic valve evaluated from above the valve in an open (left) 
and closed (right) position. The two small black areas in the two cusps demonstrated image 
dropout. In the right frame notice that there is excellent opening of the aortic valve in systole. 
VOLUMETRIC THREE-DIMENSIONAL ECHOCARDIOGRAPHY 
Recently the Duke University National Science FoundationlEngineering Research Center 
for Cardiovascular Technologies has reported the development of a true 3-D real-time volumetric 
ultrasound imaging system (9, 10, 11). The unit can produce a 3-D volume, in real-time, of the 
contracting heart. The 3-D volumes are not derived by stacking 2-D images and displaying data 
in a fonnat that requires many theoretical assumptions but rather are derived from a 2-D phased 
array probe that yields a 3-D pyramid of data. This is achieved through receive mode parallel 
processing. 
Receive-mode parallel processing pioneered by vonRamm et ai, (10, 11), allows the 
acquisition of a pyramidal volume that can be displayed in real-time. The novelty in the approach 
is that 16 lines receive each transmit pulse, and thus, the machine can "look" in 16 different 
directions at once. The machine can acquire 22 complete cardiac volumes/second, and store 3 
seconds of data. These three seconds of data can be played in a cine loop, or "sliced" in any 
desired plane at any angle. Some potential clinical applications of this technology are: calculation 
of right ventricular (RV) and left ventricular (LV) volumes during diastole and systole without 
resorting to assumed shapes, true wall motion evaluation during stress echo using the cine-loop 
capability of the machine, myocardial perfusion, assessment of valve function, and flow (colour 
Doppler capability is being developed and is now being installed in the production units). This 
unit has the capability of evaluating cardiac changes during physiologic studies without the need 
for theoretical assumptions required by the imaging technique. 
The illustrations below demonstrate different views obtained using the volumetric 
ultrasound scan. Figure 4 demonstrates traditional apical four and two chamber views Figure 5 
illustrates parasternal views with the 'Optisone, contrast agent. On the right are the traditional 
transducer image views. On the left are the 'C' scans obtained by slicing the infonnation. Both 
figures have lines identified on the traditional views from which the C scans have been obtained. 
Potential uses of this technique are the evaluation of left ventricular structure and function to 
determine cavity size and timing of aortic valve replacement in patients with aortic insufficiency; 
quantitation of regional wall motion abnonnalities; and determination of left and right ventricular 
ejection fractions. With the Doppler infonnation quantitation of valvular abnonnalities and 
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Figure 4: Volumetric ultrasound image data sets displayed in traditional echo fonnat using the 
apical approach. On the right top and bottom are traditional apical four and two chambers 
views. On the left are 'C' scans obtained by slicing the volumetric dataset along the lines 
identified in the right hand panels. Notice the excellent structural definition of the left ventricle. 
Figure 5: Similar to figure 4, this is a parasternal volumetric data set with the traditional views 
(parastemallong-axis-top and short-axis-bottom) demonstrated on the right and the 'C' scans 
demonstrated on the left. The regular images obtained had image dropout due to the patient's body 
habitus. Optison, an intravenous contrast agent was injected. Notice the cavity opacification with 
excellent wall definition on the parasternal short axis view (bottom right) and 'C' scans (left top 
and bottom). Due to contrast in the right ventricle the parasternal long axis view is difficult to 
interpret as contrast shadowing partially obscures ventricular endocardial definition. 
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direction of valve repair especially mitral valve repair will be available. In congenital heart 
disease sizing of atrial septal and ventricular septal defects prior to surgery win be important. 
Myocardial perfusion using new contrast agents can be quantified. Most importantly, the 
volumetric data set can be resliced offline to provide non standard imaging planes to increase 
diagnostic information. 
This 3D volumetric technique has been validated for accurate determination of ventricular 
volumes and mass in dogs (12, 13, 14), in-vitro in patients in explanted hearts (15) and in-vivo in 
patients (16). A multicenter trial is presently underway (of which Northwestern is a site) 
evaluating the accuracy of this technique for volume and mass calculations in patients. This 
technique can identify regional wall motional abnormalities in patients (17) and has been used to 
evaluate systolic wall motion abnormalities at the time of stress echo (18). 
Our group has undertaken two protocols to identify the potential of the volumetric 
ultrasound data sets (19). To better identify endocardial edges as a prelude to automatic edge 
detection we have developed a new technique that uses median filtering to remove speckle - type 
noise. Following median filtering an initial thresholding algorithm is used to determine rough 
image edges. This is followed by a region growing algorithm to define chamber borders. With 
median filtering, image quality and border detection improved. Both thresholding and region 
growing were required to determine boundaries. Test sets using patient data demonstrated less 
than 5% variability when the automatic algorithm was compared to the standard measurements. 
We also compared three-dimensional volumetric left ventricular ejection fractions with and 
without ultrasound contrast enhancement to standard 2D determined ejection fractions (20). We 
found that in general the routine 3D determination of the ejection fraction provided good results. 
3D contrast in the patients with poorly visualized endocardial border detection allowed better 
correlation of volumes with 2D images. Overall, this demonstrates that 3D volumetric ultrasound 
with and without the addition of contrast and automated border detection allows good, accurate 
and reproducible identification of volumes, ejection fractions and wall motion. 
SUMMARY 
Three-dimensional volumetric ultrasound has far reaching implications. It allows full 
volumetric data collection within a short period of time with the ability for offline data evaluation 
and analysis. This allows quick throughput of patients and may allow for cost reduction in 
ultrasound studies. This is the first technique that has the potential to quantitate 
echocardiographic image data such as ventricular volume, ejection fraction and mass without 
requiring many theoretical assumptions concerning cardiac structure and function. This may 
negate the need for other expensive, sophisticated imaging techniques that provide isolated pieces 
of information concerning quantitative cardiac measures that echocardiography cannot routinely 
provide. The upcoming addition of 3D colour Doppler flow will allow for quantitation of 
abnormal flow patterns. 
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